In the sequence of soil composed of black earths, deluvial soils, organic soils covered with a thin layer of mineral-organic deposit and moorsh soils, soil texture, bulk density, content of organic carbon and organic matter, total porosity, total and readily available water as well as resources of organic matter and water in 0-25 cm and 0-100 cm layers of the soil profile were studied. A catenal variabilities of organic matter content and physical-water properties were found. Physical properties and the contents of total and readily available water depended on soil texture, organic matter content and location in a relief. Total porosity, field water capacity and volume of macropores were positively correlated with organic matter content, and negatively with bulk density. Differences in studied properties between the pedons of black earths and deluvial soils were small, whereas these differences between deluvial and moorsh soils were distinct. In the development of water resources in the profiles of these soils, presence of organic subsoil with high retention capacity played the important role. The studied soils had unfavorable distribution of soil pores, resulting from a small volume of air pores.
INTRODUCTION
The Sępopol Lowland is distinguished from Masurian Lakeland by the lithogenesis and morphogenesis. Sępopol Lowland forms an extensive basin without well-developed morainic forms and lakes. Land depressions are not very scat-tered as in Masurian Lakeland, and slope gradient as well as erosion threat are low (Kondracki 1988) . Gotkiewicz and Smołucha (1996) termed this area the zone of ice-dammed lake origin. The zone of ice-dammed lake plains includes Sepopol Lowland, formed as a result of deglaciation phase of Pomeranian Vistula Glaciation, during which clay and loam of clay facies were accumulated (glaciolimnic deposits). Associations of black earths, brown soils and lessive soils, which are intensively used in agriculture as a result of their high potential fertility, were formed from glaciolimnic deposits. Mechanical cultivation may contribute to excessive soil compaction and worsening of water retention properties, and consequently to the development of erosional processes (Nawaz et al. 2013 ; Paluszek 2001; Shukl and Lal 2005). In meltwater basins, which had been supplied with waters flowing on impermeable soil formations (flowing type of hydrological supply), organic soils were formed. Human activity led to the diversification of soil cover and the formation of soil toposequences comprising eroded and colluvial soils along the slope as well as upper-silted organic soils in land depressions. Brown soils and black earths were formed from these formations. They have high quality and are intensively used for agricultural purposes.
The aim of the study was to determine soil air-water properties in a typical soil sequence of black earths, colluvial soils and organic soils differently silted in surface horizons in the landscape of plains and hills of ice-dammed lakes origin in north-eastern Poland.
MATERIALS AND METHODS
Studied soils are located in southern part of Sepopol Lowland. The transect was made from the top of the slope towards the depression and 12 soil profiles were described. The slope gradient was up to 7.1 % and the soil sequence was as follows: black earths on the top, proper colluvial soils in the middle of the slope, humous colluvial soils in lower parts and at the bottom of the slope, moorsh soils, as well as slightly and strongly silted organic soils in the depression. Colluvial soils occupied the section of approximately 120 m and the thickness of colluvial deposits amounted to 118 cm. In the middle and lower parts of the slope, colluvial deposits were lying on mineral materials, whereas in the depression on organic formations. Moorsh soils were silted and had thickness of 32 cm. The land was drained with drainage pipes and the soils were used as ploughland. The soil erosion threat was low and the slope gradient was up to 7% (Fig. 4) .
Soil water retention properties were determined using low-and high-pressure chambers (van Reeuwijk 2006) Black earths were formed from loam, which was lying on heavy clay. The amounts of silt fraction in Ap horizon ranged from 46 % to 47 %, and the amounts of clay ranged from 20% to 25%. The content of silt and clay in colluvial soils increased down the slope. Shallow humous colluvial soils located in the depression contained 4-5 % more silt fraction and 8-16 % more clay than proper colluvial soils located in the middle part of the slope. Humus horizons of proper colluvial soils had loam texture whereas of humous colluvial soils at the bottom of the slope -clay loam texture.
In the studied catena, organic carbon content (from 23.03 g · kg -1 in black earths to 212.60 g · kg -1 in moorsh soils) and organic matter (from 39.70 g · kg -1 to 444.57 g · kg -1 respectively) ( Table 1) as well as the resources of organic carbon and organic matter in humus horizons (Table 2 ) increased down the slope. Total porosity, field water capacity and volume of macro and micropores were significantly positively correlated with organic matter content (Table 3) . Soil bulk density decreased, on average, in epipedons of studied soil sequence from 1,464 Mg m -3 in black earths to 0.578 Mg m -3 in moorsh soils, and the differences were statistically significant (Table 1) . Total porosity showed a positive correlation with organic matter content, and negative correlation with bulk density (Table 3 ) and increased down the slope, but average differences of its value in epipedons of black earths (45.6%) and colluvial soils (46.9%) were statistically insignificant. The values of bulk density and total porosity in humus horizons of black earths were similar to the results obtained by Piaścik et al. (1998a, b) in the studies of alluvial soils at Żuławy, but in comparison to heavy soils (black earths of Kętrzyn and black earths of Gniew) studied by Kaczmarek et al. (2015) bulk density was higher, and total porosity was 10% lower.
The average water contents at pF 2.0 corresponding to field water capacity in humus horizons (Ap) of black earths (40.2%) and colluvial soils (40.3%) were similar, while in AO and Mt epipedons of moorsh soils these values were statistically significantly higher (Table 1) . Similar relationships were stated for water resources at pF 2.0 in humus horizons (0-25 cm) ( Table 2 ). However, in the 0-100 cm layer in colluvial soils water resources were almost 100 mm greater than in black earths.
Field water capacity, as well as volume of macropores were positively correlated with organic matter content, and negatively correlated with bulk density. Ap -humus horizon of black earths (Gleyic Phaeozem), Ad -humus horizon of colluvial soils (Mollic Gleysols, Colluvic), AO -mineral-organic layer in Hemic Histosol, Mt -moorsh layer, X -mean, S -standard deviation, CV -coefficient of variation,
The volume of macropores in studied soils was low. In epipedons of black earths and colluvial soils it amounted to, on average, 5.4% and 6.4%, respectively and in mineral-organic formations and moorshes it was 2-fold higher and the stated differences in the contents were statistically significant. A small volume of macropores which indicates a drainage porosity, on the one hand limits the access of air into the soil and plant growth, and on the other hand, impedes the infiltration of water and contributes to the development of erosion due to high soil compaction (Nawaz et al. 2013 ). This applies especially to black earths located on the plateau (top) and in the upper part of the slope. The proof of the severity of these processes is the occurrence of colluvial soils, occupying the longest section in a catena, and mineral-organic sediments on the surface of organic soils.
The lowest water content available for plants (PRU) was stated in epipedons of black earths, and it amounted on average to 17.8% (Table 1 ). In colluvial soils it was higher by . 1998a, b) . Within the mesopores, with the exception of colluvial soils, small pores with water inaccessible for plants prevailed (Table 1) . Average values of effective useful retention (ERU) (8.4 -10.5%) (Table. 1) were low and hardly varied between the studied soil units. The differences are distinct when compared to water resources in a 0-100 cm soil layer. In black earths mean PRU values were from 1.5 to 2.5 times, and ERU approximately 2 times lower than in colluvial and muck soils. The average volumes of micropores in black earths and colluvial soils were similar and amounted to 22.4% and 21.0%, respectively, while in AO epipedons, it increased to 25.9% and in Mt epipedons to 37% by volume. The pedons of moorsh soils either in 0-25 cm or 0-100 cm layer contained significantly higher amounts of water not available to plants than colluvial soils ( Table 2) .
Generally it can be said that air-water and retention soil properties of the studied catena are determined mainly by granulometric composition and organic matter content, which was also confirmed by the studies of soil catenas in moraine and delta landscapes ( Olness et al. (1998) optimal balance between the ability to retain water and aeration is maintained when the sum of mesopores and micropores volume amounts to 66% of total porosity and the capacity of air amounts to 34%. Soil pore distribution was determined mainly by the density and content of organic matter and mineral fraction as indicated by the calculated correlation coefficients.
The study has shown that type and retention abilities of deeper layers of a soil profile play crucial role in the development of water resources in pedons, which was also stated in the studies of moraine landscape in Mazurian Lakeland (Smólczyński, Orzechowski 2010).
In the studied toposequence, as opposed to soils with a lighter texture in moraine landscape, little variation of studied physical-water properties between black earths and colluvial soils were stated. Differences in the properties occur between moorsh soils and colluvial soils. CONCLUSIONS 1. Physical properties as well as contents of total and readily available water depended on soil texture, organic matter content and location in a relief. Total porosity, field water capacity and volume of macropores were positively correlated with organic matter content and negatively correlated with bulk density.
2. Studied soils had unfavourable pore distribution resulting from low volume of air pores.
3. Differences in studied properties between the pedons of black earths and colluvial soils were small, whereas these differences between colluvial and moorsh soils were distinct.
